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I . Identification  and  control  of  systems  with  delays 

(H.  T.  Banks) 

Banks  is  continuing  his  efforts  on  approximation  of  delay 
systems  with  applications  to  optimal  control  and  parameter 
identification.  In  a manuscript  [1]  that  has  just  been  accept- 
ed for  publication,  Banks  and  Kappel  developed  the  foundations 
for  general  spline  approximation  schemes  for  linear  functional 
differential  equations.  Banks,  in  [2]  and  in  joint  efforts  with 
Burns  and  Cliff  [3] , has  tested  these  approximations  (with 
simple  numerical  examples)  when  applied  to  control  and  parameter 
identification  problems  with  linear  delay  systems.  Banks  is 
also  currently  conducting  numerical  tests  with  the  spline  approxi- 
mation ideas  for  nonlinear  control  systems. 

For  the  parameter  identification  problems,  sound  theoreti- 
cal results  for  some  of  the  approximation  schemes  under  investi- 
gation still  remain  to  be  developed, especially  when  the  system 
delays  themselves  must  be  identified.  We  have  begun  work  on 
some  questions  arising  in  this  connection  and  are  making  good 
progress . 

Banks  and  a graduate  student,  Rosen,  have  begun  efforts  on 
development  of  fully  discretized  methods  (as  opposed  to  those  of 
[1]>  [2],  [3]  which  involve  approximation  of  the  infinite  dimen- 
sional delay  systems  by  a finite  number  of  ordinary  differential 
equations).  We  have  just  begun  our  efforts  on  the  theoretical 
aspects  of  approximating  linear  delay  systems  in  this  manner. 


2. 


\ 

! 

f 


Some  initial  progress  has  been  made,  but  completion  of  this 
theory,  numerical  experiments,  and  application  to  control  and 
identification  problems  are  efforts  still  to  be  pursued  in  the 
near  future. 


1 1 . Qualitative  theory  of  functional  differential  and  difference 
equations  (J.  K.  Hale) 

Hale  is  continuing  his  study  of  the  effects  of  delays  on 
difference  and  differential-difference  equations.  For  the  dif-  \ 

ference  equation 


N 

x ( t ) - l A.x(t-Yk-r)  = 0 
j = l K K 

M 

Yk’r  “ l Yk  ri*  y k > °>  integers, 

j"l  i J 


Avellar  and  Hale  [4]  have  given  a rather  complete  characteriza- 
tion of  the  behavior  of  the  set 


N -Xy,  *r 

Z ( r , A)  = ( ReX  : det  [ I - l A,e  ] = 0} 

k=l  K 


as  a function  of  the  delays  r and  the  coefficients  A.  Also, 
effective  computational  criterion  have  been  given.  Specific  em- 
phasis is  given  the  stable  case  where  7(r,A)  c (-»,0).  The 
results  have  already  been  applied  by  Hale  and  de  Oliveira  [5] 
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to  the  Ilopf  bifurcation  in  difference  equations  and  by  de  Oliveira 
[6]  to  neutral  equations. 

Hale,  Infante  and  Tscn  have  essentially  completed  a pre- 
liminary study  of  the  implication  of  these  results  to  determine 
the  region  in  the  coefficient  space  for  which  all  solutions  of 
the  delay  equation 

dx  N 

at  " V(t)  * Bkxtt-Vr) 


approach  zero  as  t -*•  »,  independent  of  the  delays.  (See  also 
the  comments  below.) 

III.  Stability  of  infinite-dimensional  systems 

(E.  F.  Infante) 

Infante  and  collaborators  have  continued  to  pursue  research 
centered  on  the  stability  properties  of  infinite-dimensional  sys- 
tems, with  particular  emphasis  on  certain  problems  arising  in 
certain  applications. 

In  [7]  Infante,  in  cooperation  with  J.  A.  Walker  of  North- 
western University,  has  completed  a study  of  the  stability  proper- 
ties of  a model  of  incompressible  simple  fluids  with  fading  memory. 
This  model  consists  of  a functional-partial  differential  equation, 
which  is  viewed  as  a nonlinear  abstract  evolution  equation  in  an 
appropriate  Hilbert  space.  Liapunov  stability  methods  are  used 
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in  this  investigation. 

In  cooperation  with  J.  K.  liale  and  a student,  F.P.  Tsen, 
Infante  [8]  has  essentially  completed  an  investigation  on  the 
effects  of  changes  in  the  delays  on  the  stability  properties 
of  linear  neutral  difference-differential  equations  of  the  form 

, n n 

|^[x(t)  + l Bkx(t-tk)]  = AQx  (t)  + l Akx(t-Tk). 
k=  1 k=  1 


The  effect  of  changes  of  the  values  of  the  {Tk}k_^  on  the 
asymptotic  behavior  of  the  solutions  of  such  equations  is  most 
important;  indeed,  it  is  not  necessarily  the  case  that  the 
asymptotic  behavior  varies  continuously  with  changes  in  the 
^Tk^k=l*  Moreover,  the  computation  of  the  effect  of  such  changes 
is  most  awkward  and  complicated  since  it  involves  the  computation 
of  zeros  of  exponential  polynomials.  The  purpose  of  the  inves- 
tigation reported  in  [8]  was  to  characterize  in  an  appropriate 
and  convenient  manner  those  matrices  {Bk}k_^,  Aq  and  { A^. } 

such  that  the  solutions  of  the  above  equation  do  not  change  their 
asymptotic  behavior  irrespective  of  the  values  of  the  delays 
^Tk^k=l’  Such  a characterization  seems  important  in  the  design 

and  control  of  systems  with  delays;  if  the  model  of  the  system 
falls  within  the  characterized  class,  it  will  display  consider- 
able robustness;  if  it  does  not,  considerable  care  must  be  exer- 
cised in  analyzing  modeling  errors. 
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Infante,  in  cooperation  with  a student,  L.  Carvalho,  has 
recently  completed  an  investigation  [9]  of  the  stability  proper- 
ties of  pure  linear  difference  equations  of  the  form 

xt(o)  = 5 w-V’ 

k=l 


where  the  ^Tk^k=l  are  not  necessarily  rationally  related,  and 
therefore  the  solution  of  such  equations  cannot  be  viewed  in  a 
finite-dimensional  space.  By  viewing  the  solutions  of  such 
problems  in  a convenient  Hilbert  space,  sufficient  conditions 
for  the  existence  of  a particular  type  of  Liapunov  functionals, 
which  prove  stability  and  asymptotic  stability  for  such  equations 
irrespective  of  the  value  of  the  delays,  were  found.  Moreover, 
a characterization  of  the  for  which  such  functionals 

exist  is  also  presented.  Such  results  seem  of  importance  not 
only  for  stability  considerations  but  also  for  optimization  pur- 
poses, since  most  often  the  functionals  one  is  required  to 
minimize  are  precisely  of  the  form  of  the  Liapunov  functionals 
considered. 

IV.  Control  and  stability  of  discrete  systems 

(J.  P.  LaSalle) 

LaSalle  has  spent  considerable  time  investigating  a par- 
ticularly simple  and  instructive  model  of  a discrete  control 


system.  The  point  of  this  exercise  is  to  illustrate  the  affect 
of  nonlinearities  on  controllability  and  stability  and  the  trade- 
offs required  in  order  to  meet  control  objectives  and  constraints 
on  the  state  variables.  A paper  on  this  example  is  currently 
being  prepared. 
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Sjil  ine-Based  Approximation  Methods 
for  Control  and  Identification  of  Hereditary  Systems 

II.  T.  Banks,  J.  A.  Burns  and  E.  M.  Cliff 

Ahs  t ract 


Convergence  results  for  schemes  based  on  Jirst-order  spline  approxima- 
tions are  presented  for'  optimal  control  and  parameter  identification  problems 
involving  linear  delay-differential  equations.  Examples  with  numerical 
results  which  demonstrate  the  attractiveness  of  the  proposed  methods  are 


given . 


SI’UN'i:  APPROXIMATIONS 


I OR 

I'ON'CT  IONAL  Dl  PI' I.  RIOM  I 1 Ah  liQUAIJONS 

II.  T.  Banks  and  P.  Kappcl 

Abstract:  We  develop  an  approximation  framework  for  linear  hereditary 
systems  which  includes  as  special  cases  approximation  schemes  employing 
splines  of  arbitrary  order.  Numerical  results  for  first  and  third 
order  spline  based  methods  are  presented  and  compared  witli  results 
obtained  using  a previously  developed  scheme  based  on  averaging  ideas. 
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I10P1--  BIFURCATION  FOR  FUNCTIONAL  LIQUATIONS 


J.K.  HALF  AND  J.C.F.  dcOLIVFIRA 


Al) s t rac t : I ho  purpose  ol  this  paper  is  to  study  the  existence 

of  a smooth  llopf  bifurcation  for  functional  equations.  The 
bifurcation  parameters  may  include  the  delays.  The  results  will 
be  described  for  a special  case  of  the  equations  considered. 


ON  Till-  ZI.ROS  OF  P.XPONhNT  I AL  POLYNOMIALS 


Ccrino  li.  Avcllar  and  .Jack  K.  Hale 


ABSTRACT: 
k = 1,2,. 
paper  is 


Suppose  r = ( r j , . . . , i'M)  , 

. • , N , j = 1 , 2 , . . . , M , Y j.  * r = 
to  study  the  behavior  of  the 


rj  > o,  y 


j > 0 integers, 
The  purpose  of  thi 
the  function 


s 


h(*  , a,  rj 


1 * 


- A y . • r 
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where  eacli  a.  is  a real  number.  More  specifically  if 

Z(a,r)  = closurclRc  A:  I (A,a,r)  = 0),  we  study  the  dependence  of  Zfa,r) 

on  a,  r.  This  set  is  continuous  in  a but  generally  not  in  r. 
However,  it  is  continuous  in  r if  the  components  of  r arc 
rationally  independent.  Specific  criterion  to  determine  when 
0 P Z(a,r)  arc  given.  Several  examples  illustrate  the  complicated 
nature  of  Z ( a,  r)  . 

The  results  have  immediate  implication  to  the  theory  of 
stability  for  difference  equations 

M 

x ( t ) l A,  x (t - r,  ) = 0 

k=  1 K k 


where  x is  an  n-vector,  since  the  characteristic  equation  has  the 
form  given  by  h(A,a,r).  The  results  give  information  about  the 
preservation  of  stability  with  respect  to  variations  in  the  delays. 


I’llASI.  S I’ AC.'  1 •.  I OR  Rli  I ARDbl)  I 'HIM  IONS  WITH  INMNITIi  IHiLAY 


• hick  k.  Ilalc  and  Junj  i Kato 


A I ) s t tact : It  is  the  purpose  of  this  paper  to  examine  initial  data 
from  a general  Haunch  space.  We  develop  a theory  of  existence, 
uniqueness,  continuous  dependence,  and  continuation  by  requiring  that 
the  space  11  only  satisfies  some  general  qualitative  properties.  Also, 
we  impose  conditions  of  II  which  will  at  least  indicate  the  feasibility 
of  a qualitative  theory  as  general  as  the  one  presently  available  for 
retarded  equations  with  finite  delay  in  the  space  of  continuous 
functions.  In  particular,  this  will  imply  that  bounded  orbits  should 
be  precompact  and  that  the  essential  spectrum  of  the  solution  operator 
for  a linear  autonomous  equation  should  be  inside  the  unit  circle 
for  t > 0.  Also,  we  impose  conditions  which  imply  the  definitions  of 
asymptotic  stability  in  Rn  and  II  arc  equivalent  and  that  the  m-iimit 
set  of  a precompact  orbit  for  an  autonomous  equation  should  be  compact, 
connected  and  invariant. 


somi;  rrorr.rtir.s  or  conui-nsing  mars 


Raul  Massatt 


Ahs  t rac  t : In  15)31),  Kuratowskii  introduced  a measure  of  non- 
compactness  of  bounded  sets  in  a metric  space,  called  the 
Kuratowskii  measure  of  noncompactness,  or  “-measure.  This 
along  with  the  associated  notion  of  an  u. -cont rac tion , has 
proved  useful  in  several  areas  of  differential  equations. 

The  principle  results  of  this  paper  will  be  to  generalize 
several  of  the  results  of  Cooperman  to  more  general  measures 
of  noncompactness  as  well  as  for  certain  set  mappings.  The 
proofs  arc  more  elementary  than  the  ones  in  Cooperman. 

However,  the  basic  lemma  used  by  Cooperman  which  depended  so 
much  on  properties  of  “-measures  is  not  generalized.  In  fact, 
we  give  an  example  showing  that  it  will  not  generally  be  valid 
for  arbitrary  measures  of  noncompactness. 


